Background: Evaluation of microleakage is important for assessing the success of new methods for surface preparation and new adhesive restorative materials. The aim of this laboratory study was to assess microleakage at the margins of composite restorations in Er,Cr:YSGG laser prepared cavities on the cervical aspects of teeth by means of dye penetration, and compare this with conventionally prepared and conditioned cavities. Methods: Class V cavities were produced on sound extracted human teeth, which had been assigned randomly to one of three groups (N = 10 each), as follows: Group 1 -prepared using a diamond cylindrical bur and then treated with 37% phosphoric acid; Group 2 -irradiated with an Er,Cr:YSGG laser (Biolase Waterlase) and then treated with 37% phosphoric acid; Group 3 -irradiated only with the laser. After application of bonding agent (Excite, Ivoclar Vivadent), all cavities were restored with composite resin (Heliomolar). After polishing the restorations, the teeth were thermocycled from 5-50°C for 500 cycles. Dye leakage was assessed after immersion in methylene blue, by examining longitudinal sections in a stereomicroscope at ·30 magnification. Results: The extent of dye penetration was lowest in the laser only group (Group 3). Penetration of dye to dentine and axial walls occurred in 80 per cent of conventionally prepared (bur + acid) specimens, but in the laser group, dye penetration to the axial wall occurred in only 30 per cent of cases. There was a strong statistical association between treatment group and the distribution of microleakage scores (Chi-square, P = 0.0023). Conclusions: For Class V cavities, with the adhesive materials employed, higher microleakage occurs with phosphoric acid etching of bur-or laser-cut surfaces, than with the surface created by use of the laser alone without additional conditioning.
INTRODUCTION
In recent years, there has been growing interest in the use of lasers for routine cavity preparation and for conditioning enamel and dentine surfaces, the latter as an alternative to conventional acid etch methods. 1, 2 While not a panacea for all restorative dentistry procedures, caries removal and cavity preparation with middle infrared lasers (Er:YAG and Er,Cr:YSGG) has replaced conventional high and low-speed dental drills in many situations, providing the same clinical effectiveness with freedom from pain and discomfort by eliminating pressure, intense vibration, noise and in most cases, the need for injected local anaesthetic. 3 Given the unique topography created by laser interactions with dentine and enamel, it is possible that the surface alterations caused by laser irradiation may affect the microleakage of adhesive restorative materials. The integrity and durability of the marginal seal is an important factor in the longevity of adhesive dental restorative materials, particularly for composite resins. The absence of a seal at restoration margins permits the entry of oral bacteria and fluids, which can result in postoperative sensitivity, adverse pulpal responses and recurrent caries. There is a two-way interaction in that the potential for leakage is influenced not only by the surface texture of the prepared tissues, but also by the composition and physical properties of the restorative materials applied to it. 4 Effective ablation of dental hard tissues by means of Er,Cr:YSGG laser systems has been reported. 5, 6 This laser system uses a pulsed irradiation mode, and the energy is delivered through a proprietary flexible fibre to a handpiece, to which is attached sapphire tips of 0.4 or 0.6 mm diameter. During irradiation and between pulses, the tissues are bathed in a water mist spray, and this spray is employed for most soft tissue surgical procedures as well as when cutting enamel, dentine and bone. When dental hard tissues are irradiated by the Er,Cr:YSGG laser accompanied with a water spray, a net negative thermal effect occurs, with the tissues becoming cooler. Use of the water mist spray also increases the cutting efficiency of the laser. [5] [6] [7] Histological studies have reported minimal pulpal inflammatory responses when hard tissues are treated by the Er,Cr:YSGG laser with water mist spray, 5, 8, 9 with effective cutting and no adverse clinical side effects. [10] [11] [12] [13] The ability of lasers to alter the surface of enamel and dentine has been studied comprehensively for the past 15 years. Studies on surface alterations of enamel and dentine after Er:YAG and Er,Cr:YSGG laser irradiation demonstrate micro-irregularities on both tissues, and lack of a smear layer. Such alterations have both macroand micro-roughness. Laser-induced changes in the surface texture of enamel and dentine could potentially affect microleakage of adhesive restorative materials. 5, 7 In fact, given the increasing use of composite resin materials in restorative dentistry, the quality of the margins of composite restorations in terms of leakage is an important issue for clinicians when considering the use of a laser for hard tooth tissue preparation.
The aim of the present study was to examine the quality of the margin of composite restorations in Er,Cr:YSGG laser prepared cavities by means of the well established dye penetration test, and to compare this with the conventional bur ⁄ etch method.
MATERIALS AND METHODS
Thirty freshly extracted human caries-and restorationfree permanent posterior teeth were cleaned and stored in distilled water at 4°C. Prior to the study commencing, the teeth were placed in 0.5% chloramine solution for one week at 4°C. The apices of the roots were sealed completely with composite resin in order to prevent subsequent penetration of dye into the pulp chamber during testing. The teeth were randomly allocated into three groups of 10 each. A standard reproducible class V cavity (4 mm wide, 2 mm high and 2 mm deep) was prepared on the buccal or lingual surfaces of the teeth, with a periodontal probe used during the procedure to measure the preparations. The cervical margin of the cavities was placed onto the root surface (in the cementum), while the occlusal margins were in enamel.
The samples were prepared as follows: Group 1 -the cavities were prepared using a diamond straight cylinder (008) bur in an air turbine handpiece, and conditioned with 37% phosphoric acid (Total Etch, Vivadent, Liechtenstein) for 30 seconds; Group 2 -the cavities were prepared using an Er,Cr:YSGG laser (Waterlase, Biolase, USA), with no acid etching step. The laser parameters were: wavelength 2.78 lm, pulse frequency 20 Hz, pulse duration 140 ls, sapphire fibre diameter 400 lm, tip to target distance 1.5 to 2 mm. For enamel and dentine cutting, the manufacturerÕs recommended settings were used, namely, for enamel 5.5 W power, 275 mJ ⁄ pulse, 95% air flow, 80% water flow, and for dentine 3.5 W power, 175 mJ ⁄ pulse, 75% air flow, and 65% water flow; Group 3 -the cavities were prepared by the laser as in Group 2, but then etched with phosphoric acid for 30 seconds.
After washing for 30 seconds, all cavities were treated with a resin-based adhesive system in accordance with the manufacturerÕs instructions. The adhesive used was Excite (Vivadent, Liechtenstein), which is a fifth generation acetone-free (alcohol-based) onecomponent light-activated bonding agent. This was light cured for 20 seconds, and the cavities then restored with Heliomolar restorative composite resin (Vivadent, Lichtenstein), which was light cured for 40 seconds. All specimens were then stored in distilled water at room temperature for 24 hours and after this time, the surfaces of the restorations were polished using flexible polishing disks.
The teeth were then subjected to a thermal cycling regimen of 500 cycles, between 5 and 55°C, using water baths. They were then dried superficially and the roots embedded in chemically activated acrylic (PMMA) resin, while the exposed crown and root structure was covered with two coats of nail varnish, leaving a 1 mm window around the cavity margins. The samples were then immersed in 2% methylene blue solution for 24 hours. After this, any surface-adhered dye was carefully rinsed away in tap water.
To measure the vertical extent of microleakage, the teeth were bisected longitudinally in a mesiodistal direction with a low speed diamond saw. The sectioned teeth were evaluated in a stereomicroscope at ·30 final magnification. The degree of microleakage using dye penetration was scored in a blinded manner using a four-point qualitative scale (Table 1) . Differences in the frequency distribution of scores between groups were assessed using the Chi-squared test.
RESULTS
The frequency of different microleakage degree in three groups is shown in Table 2 . In conventionally prepared Dye penetration through the cavity margin reaching the dentine 3
Dye penetration through the cavity margin reaching the cavity floor cavities (bur + acid, group 1), there was dye penetration into the dentine and axial wall (scores of 2 and 3) in 8 of the 10 restorations. Only in one cavity was dye penetrated limited to enamel (score 1). In one cavity, no dye penetration could be seen (score 0). In the laserprepared group (Group 2), there was dye penetration into the enamel and dentine in 7 of the 10 restorations. However, dye was detected reaching the axial wall in only three samples. In the laser plus acid etch group (Group 3), there was a bimodal distribution with half the samples showing low leakage and half high leakage.
The Chi-square test showed a strong statistical association between treatment group and the distribution of microleakage scores (P = 0.0023), the higher microleakage scores being associated with acid etching.
DISCUSSION
The purpose of this laboratory study was to compare the extent of microleakage which occurs with laser irradiation alone, when used for cavity preparation, and when followed with conventional acid etching, as compared to diamond bur preparation followed by acid etching. The extent of leakage after thermal cycling is relevant to clinical practice since microleakage of saliva, oral fluids and bacteria at the tooth-restoration interface has been linked causally to a range of problems, including marginal staining, postoperative sensitivity, and secondary caries. 4 In the present study, standardized methods were used to minimize confounding factors. The dye penetration test is the most widely used laboratory method for assessing leakage, and for the purposes of this study a simple grading system was used. 1 The apical extent of the test cavities was intentionally placed into the root surface because leakage at this site is known to be a clinical concern when Class II and Class V cavities are restored with composite resin materials.
The results of the present study indicate that laser cavity preparation for these Class V cavities results in less microleakage than if phosphoric acid is used on laser-cut surfaces or if the same acid is used after cavity preparation with a bur. There are no comparable laboratory studies of microleakage using the Er,Cr:YSGG laser as earlier work has been conducted exclusively by using the Er:YAG laser. 1 Both lasers rely upon a water mist for optimal hard tissue ablation in terms of both thermal safety and the efficiency of ablation. 6, 13 The presence of water also appears to have a positive effect on the cariespreventive effect of irradiation.
14 When these middle infrared lasers are used for cavity preparation, sudden evaporation of the water contained in the dental hard tissues causes photomechanical disruption. Loss of particles from the tooth surface gives it a macro-and micro-roughened topography, which can substitute for conditioning with acid. 15, 16 The surface energy of the lased surface and the presence of moisture may contribute to optimal wetting by contemporary, hydrophilic bonding agents. Although bond strength tests were not undertaken as part of the present study, the results for microleakage infer that of the three methods, the Er,Cr:YSGG laser provided good adhesion with the restorative materials used. A previous study which examined cross-sections of Er,Cr:YSGG laser prepared cavities by SEM reported excellent adhesion between the restorative materials and lased tooth structure, and noted the lack of gaps at the interfaces. 5 The highly irregular surfaces without a smear layer thus appear to provide a suitable surface for adhesion, at least in terms of cervical restorations.
It remains to be determined whether use of the Er,Cr:YSGG laser affects microleakage for cavities whose margins are only in enamel, such as occlusal preparations. It is not possible to extrapolate the present findings to this situation since there are differences in the ablation properties between the cervical, buccal and oral regions of the enamel. 17 With regard to these other sites, or the use of other materials such as glass ionomers, several studies using the Er:YAG 18 or Er,Cr:YSGG 1 laser have not found significant differences between the combination of classical preparation technique with acid etching and the Er,Cr:YSGG laser preparation with additional acid etching.
CONCLUSIONS
The present findings suggest that in the challenging situation of the cervical restoration which extends onto the root surface, use of the laser may result in less microleakage than conventional methods of cavity preparation. If the laser is used, the need for an acid etch step can now be questioned. 
